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FURTHER STUDIES OF LONG-TERM ECOLOGICAL
EFFECTS OF EXPOSURE TO URANIUM

by

Wayne C. Hanson and Felix R. Miera , Jr.

ABSTRACT

A third year of study of the ecological conse-
quences of exposure of terrestrial ecosystems at the
Los Alainos Scientific Laboratory to elevated soil
concentrations of natural and depleted uranium was
comple ted. A uranium analytical technique that uses
Instrumental epitherma l neutron activation analysis
was developed and tested. It provided more accurate
and expeditious results for soil and biota samples
that conta in >l0—ng total uranium than did our other
two techniques.

Spat ial variability in sampling for soil uran-
ium distribution by a polar coordinate system was
evaluated in randomly selected soil cores. Vari-
ations for surface (0— to 2.5-cm-deep) soils were
0.18 at 10 m from the detonation point and 0.96 at
50 m. Results were strongly influen~od by pasturaniur dispersal patterns , variable leaching of
uranium debr is , and surface water runoff.

A total surface (0- to S-cm) soil uranium in-
ventory within a 12.6-ha circle centered on the E-F
detonation point was estim*ted to be 3000 kg when
calculated by soil uranium concentration isopletha
and 4500 kg when using annull of a polar coordinate
sampling system.

Uranium concen t rations in tissues of deer mice
(Peromyacus maniculatus) and pocket gophers (Thomomy s
bottae) were suTficiently differen t to conclude that
the greater bioavai lability of uranium in the top
few millimeters of soil at E-F Site , combinea w i th
the difference in grooming and food ha bit s of the
animals , resulted in greater contamination of deer
mice than of pocket gophers .

Invertebrate populations inhabiting areas of
high and medium soil uranium concen t rations at LASL
sites were sampled by p itfall trapping and insect
net sweeps. There was no conclusive evidence of a
differential population response to areas of rela-
t ively high uranium concentrations and to control
areas.

_ _ _ _ _ _ _  _ _ _ _-j
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1 . INTRODUCTION with the advent of the energy crisis. The

This report summarizes research from need for appreciable production of uranium

October 1 , 1976 , through September 30, 1977 , to supply the nuclear facilities that offer

on the ecologic*l effects of exposure to alternat ives to fossil fuel power plants

uranium. Included are (1) a comparison of has prompted hydrogeochemical survey pro-

three different analytical techniques em- grams to discover subsurface ore bodies In
ptoyed for uranium determinations; (2) ana~ severa l  coun t r les. 3 6  Decontamination of

ly ti cal results from three sets of soil areas in which radioactive materials have

samples from test ranges at Egltn Air Force been stored or discharged usually involves

Hase (FAFU), FlorIda , (3) an inventory esti- uranium , though the chemical toxicity as-

mate for uranium in the top 5 cm of soil pects of that element are often more im-

from a 12 . 6 -ha circle as well as the distri- portant than radiological considerations.

bu tion of uranium in soil size fractions at Such is the case in the military testing of

the Los Alamos Scientific Laboratory (LASL) depleted-uranium (235U/ 238U < 0. 0~72) pene-
E-F Site ; and (4) biotic responses to the trators at EATS, where vary ing amounts of
chemical toxicity of environmental uranium, uran ium are expended over test ranges that

The general scope and objectives of receive appreciable rainfall (155 cm/yr).

this study and the site descriptions were Ecological consequences of uranium in the

presented In the 1976 and 1977 completion environment then are magnified because of

reports. ‘ Objectives of the research weathering of uran ium fragments and in-

efforts reported here were~ creased mobility of uranium in drainage

• ( 1 )  To describe the spatial variations areas .

of uran ium concentrations in soil at E-F The need for prompt definition of ura-

Site as functions of the soil depth and dis- nium concentrations in EATS soils to monitor

tance from the detonation point the movement of uran ium and for a more cx—

t2 ) To determine the distribution of peditious means of processing appreciable

uranium in soil size fractions as a function LASL samples motivated our chemists to in—

of soil depth and distance from the detona- vestigate and compare three uranium ana-

tion point at E-F Site; lytical techniques .7 Fluorescence analysis

(3) To estimate the uranium inventory (PA )8 was used for all previously reported

wi th in  a 200-m radius of the E-F detonation uranium determinations but requires that
point in the 0- to 5-cm horizon ; the sample be dissolved in HNO3/HF mixture

(4) To examine the potential for re- and retained in solution . PA is also very

dtatrtbut ion of uranium from this site by sensitive to quenching interferences and to

creep and saltatton ; and exact conditions during pellet fusion and
( 5) To eva l uate the responses of soil may occasionally exhibit poor precision .

and vegetative invertebrates to uranium Thermal-neutron—induced delayed neutron

chem ical toxicity at LASL sites . counting (DNC)9 methods are based on the

These data have application to field assumption of a fixed uranium isotopic ratio
situations at both EATS and LASL , where sub- (235U/ 238U) because 238U does not partici-
stantial amounts of uran ium have been cx- pate in neutron production . If the ratio
pended in weapons testing programs. departs from 0.0072 (crustal abundance),

large errors may occur in the determination
It METHODS of total uranium .
A. Analytical Procedures Development for The availability of the pneumatic epi-

Determination of Uranium in Soils therma l neutron facility at the LASL Omega
Rapid analysis for uranium in various lest Reactor provided a unique capability

matrices has become increasingly Import ant to analyze soil samples by a third method
.2



T
instrumental epitherma l neutron activation fluorescence at 245 nm was “read” on a
analysis (IENAA ).10 Both the IENAA and DNC fluorometer. The resulting data were re-
methods are nondestructive ; thus the same duced by computer to final concentrations.

sample al iquot could also be examined by TA. B. Determination of Uranium in EATS Soils
Two-gram aliquots of 33 soil samples were Sets of 83, 63 , and 52 EAFB soil sam-
randomly selected from a set of EATS samples ples were received for uranium analyses at
submitted for uran ium determination and LASL as a part of EATS range cleanup opera-
subjected to IENAA , DNC , and finally TA. tions. The small size of the samples (20 g)

In the IENAA analysis , samples were precluded the usual grinding and homogeniz-
first irradiated with epithermal neutrons ing of the soil before aliquoting and analy—

(energy range .280 to 1000 eV) for 2 m m .  sis; therefore , 2—g aliquots were directly
After 2 to 4 days’ decay , the samples were processed by the IENAA techn ique .

counted for 5 mm each on a large Ge(Li) A portion of the second set of samples

detector (FIRM — 1.9 keV at 1332 key). The was used for the comparison of the three

• 228— and 278—keV transitions from the decay uranium analytical techniques described in

• of 239Np (physical half—life 2.35 days) the previous section .

were observed and used for quant itative C. Inventory Estimate and Distri~
’ut ion of

analysis. Spectra of gamma rays were ac- Uranium in LASL E-F Site Soils
cumulated on pulse height analyzers , the The polar coordinate sampling system

regions of interest punched on paper tape , devised for determining the soil uranium

and the data reduced by electronic computer inventory at the LASL E-P Site study area
• programe. Internat ional Atomic Energy was described in the 1977 completion re-

Agency (IAEA) soils with certified uranium port.2 Briefly, samples were taken at

concentrations were used to standardize the intersections of radii that extended from

analyses. the detonation point at each 450 az imu th
DNC measurements were performe d on each and concentric circles 10, 20. 30 , 40, ~0.

sample by irradiating the sample for 20 a 75, 100, 150, and 200 m from the detonation

in a thermal-neut ron flux. Irradiations point . A polyvinylchloride coring tube

were made at different reactor power levels , (2.S-cm-i.d.) was used to collect two 30-cm-

but in all cases , the thermal—neutron flux deep soil cores spaced 0.5 m apart at each

was monitored during the exposure by a fis- sampling location , yielding 144 sotl cores
• sion ion chamber. The sample was pnewnat— total . The cores were subdivided into six

ically transferred to a neutron detector11 vert ical segments , beginning at the lower

of 27% efficiency and counted for 20 a fol- end of the core to minimize cross—contami—

lowing a 10—s delay . The neutron data were nation .

normal ized to a constant flux , and the Thirty per cent of the duplicate cores

system was cal ibrated to samples of ‘4BS collected from the NE , SE , SW , and NW quad-

SRM—1933 , a soil of standardized uranium rants were randomly selected for uranium

concentration . Uranium concentrations were analyses of whole samples to def ine the 
• -

calculated with the assumption that the spatial variability of uranium with distance
235U abundance was normal . from the detonation point and with depth

In the TA method, soil samples were into the soil profile.

dissolved by standard techn iques using acid Forty randomly selected soil samples

digestion . Small volumes were pipetted representing duplicate 0— to 5-cm- and 5-

onto 50—mg NaF/L1F pellets and fused for to 10-cm-deep cores collected from the N ,

2 mm at 1200°C using a burner similar to E , 5, and I quadrants at distances of 10,
that of Price et al.12 The pellets were 20, 50 , 100 . 150 , and 200 m from the deto-

allowed to cool for 15 mm and then the nation point were processed for soil

3

- .
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particle size analysts. They were mechani-
cally separated into six size fract ions by
a sonic sifter that yielded sample compo-

nen t s of ~53-um , 53— to 105—urn , 105- to
50O-~ rn , 500- to 1000-urn , 1- to 2-nyu , and 2-

to 23-urns diameter. Small soil particles

were blown from the larger soil separates I

with an air hose during sifting to minimize

the& r carryover. The particle diameters 
. .

may be further described according to US

Department of Agr iculture Soil Conservation ‘f~
Serv ice standard soil size categories as • 

~ •

follows.

Particle Diam (urn) Size Fraction

‘~53 Silt and (‘lay ~~~~~~~ .~
.
.I . • -

53-105 Very fine sand 
‘ 

.

105-500 Medium and fine sand -

- 
-

500-1000 Coarse sand a .

1000-2000 Very coarse sand - 

~.- ~~~ 
..

2000-23000 Coarse fragments . 
. 

—
~

Bagnold dust collectors (Fig. 1) were ,••~ .
. P

used to evaluate uranium particle movement - 

•1~~
IP~~~ i. , 

-

by saltation and creep. Two such instru— 
. . 

•
:. .

ments were placed at the E-F Site , one near - ‘

the detonation point and the other approxi-
mately 40 m NE , in the downwind vector of Fig. 1. Bagnold dust collector apparatus
prevailing winds . These instruments are installed at field sampling loca-

tion . Collection ports are loca-
designed to collect wind—suspended parti— ed along upwind (right) edge.
i’les at six separate 15—cm heights ranging Collection boxes are situated in

from ground leve l (0 to 0.5 cm) to 75 cm 
ase.

above the ground surface. Samples were

collected at monthly intervals beginning in the midpoint between each sampling distance
April 1977: however , it was necessary to (that is. the surface area from 0 to 5 rn ,

composite the first 3 months ’ collect ions 5 to 15 m , etc.) and applyin g a median

to provide sufficient mass for chemical uranium concentration derived from all
analysis. All samples were separated into sampling points within each area.

size fractions of <100 urn and ~‘10O pm be- The second method involved calculating

fore uran ium chemical analyses . the surface areas of six soil uranium con-

An estimate of the uranium inventory centration isopleths ranging from <30 to F
in surface (0— to 5—cm—deep) soil within ~30O0 pg/g and multiplying by the median 1:
the 200—rn—radius (12.8-ha) circle centered uranium concentration for each isopleth.
on the E-F Site detonation point was calcu— The surface soil uranium concentrations were
lated by two different methods , both of log-transformed and the location data con-
which basically employed the same equations verted from polar coordinate values to
used in calculating the Potrillo Canyon Cartesian coordinate values. A plane sur-
uran ium inventory reported last year .2 face was generated by an electronic data

The first method consisted of calculating processing program that interpolated between
the surface area enclosed by an annulus at data points to establish isopleths for six
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in a reas of high and me~t ( urn I,’i’e Is of ~~~~~ 
the rat i~ ’ was  t~ . 

i)4 • m~ I ~ i,st  ml di’~ ‘I . A

tu rn  In si.’ it  • Sami’ lee were e~’ 1 Itset i’d at (hi’ I i’**t S,
~iI*i’i’5 ( i t 01 a It iii’ I It rough t to’s,’

same four los’a t tons f rom wh ti.’h sot  I ,‘ore s dat a ~‘o t itt s was  ‘s — 4 • 0. ~ 1 \ . w i t h  a

were taken ~turi it g 1 t~ 7~ and 1 t(7t for ,‘xt rat ’— ,~ ‘ct  ( i s ’ t d a t 01 siet i’rmt nat t on a, t’ s ’t  0

t ton of eotl — and l i t t e r — i  nhaht I ing tnt’t’r— 1’h is t nd i,’a ted  * s It  ~ht Iv loser hut t t - t~ is I

tebratew by Tullgren funne l techniques . b ias ~ t the IItNAA FA ratio An *lv str . s’I

Five pitf a l l  t raps were instal led ~ 
two standards alas ’ *howi’st good agreemt’n

10-rn interva ls along transects at E-F and be t ween the resul(s s ’l’ t * i ’ t ’tl by IENAA , P’A ,

1.5 Stt.s and at each of the i r con t ro l s i t es .  and DNA and the certified value .

Each t rap was med. of a 1—I polyethylene Consider ing these results , the st~i lait t-

bott le , the bottom of wh ich was replaced by ~*flI reduction in coat and t i me , and (he
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TABLE I
URANIUN CONCENTRATIONS IN 20—g SOIL ALIQUOTS

DETE RMINED BY THREE TECHN IQUE S

I ENAA DNA PA
3a~~i1e No. (pp.) (ppm) IENAA/FA

1651 14500 4370 14400 1.04a 52 18800 5210 21500 0.87
60 1500 654 1680 0 . 89

1707 3.2 3.9 4.5 0.71
• 08 62 59 83 0.98

31 4800 2020 5500 0. 84
33 2200 774 2400 0.92
34 3100 1056 3900 0.79
30 600 375 620 0.97
40 1440 712 1700 0. 85
47 3.4 3.7 2. 6 1.31
48 29 20 23 1.27
71 3400 1480 3500 0.97
72 5300 2090 6800 0. 78
73 2000 678 2000 1.00
74 2200 726 2200 1.00
79 440 255 500 0.88
80 1000 484 1400 0.71
87 2 .2  4 0 2.7 0.81
88 26 19 22 1.18

1811 3100 1280 3000 1.03
12 3600 1200 4200 0.86
13 2700 930 3300 0.82
14 2900 790 2600 1.11
19 330 225 360 0.92
27 1. 3 3.9 3.1 0.58
28 9.0 7 .5  6.6 1.36
51 2200 866 2000 1.10
52 8200 4630 8850 0.93
53 2200 823 2400 0.92

• 54 2200 701 2000 1.10
67 1. 1 3.7 2.4 0.46
88 1. 1 6.1 10 0.11

~: 
: ~:::Standards

NBS 10.6±0.6 l0 .6t0.6 8 .6±1 .0  (Cert i f ied Value • 11.6k0.2)
-t 

IAEA ll8~5 128t2 112’7 (Cert i fed Value = 119)

increased rel iability , IENAA was selected Appendix as Tables A-I , A - l I ,  and A-Ill .
as t he method to be used in moat future ura- The samples were co l lected by EAFB personnel
nium analyses in our laboratory . The detec— as a part of test range cleanup operations
ti on limit for both PA and IENAA is consid- or other ac t i v i t i es  and our interpret ation
ere d to be lO—n g total uranium ; however , is l imited to the analyt ica l  parameters of
results from mat er i als that contain less the data.
than 1.0 ppm (— ug/g) are considered to be The data in Table A-I are mealy near-
highly variable .7 background levels of uranium contained in
B. Uranium Concentrat ions in EAFB Soils 2-g aliquots taken from six soil samples ,

Analytical results for the three acts each collected to a depth of 5 cm at the
of EAPB •oil samples are presented in the various sampling i’oints. The small aliquot

8
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masses precluded the soil sample grinding particularly when all samples at a given

and homogenizing that usually precede our distance from the detonation point were

analyses and may have been a factor in averaged. Greatest variation then occurred

creating greater variation in results than in samples 100 m or farther from the deto-

expected, nation point , reflecting the frequent in—

Table A— TI presents uranium analytical clusion of samples that contained large

results of samples taken from barrels of uranium particles and those that contained

contaminated soil removed from EAFB test little or no uranium above background

ranges by a contractor. Uranium concentra— levels.
• ti ons ranged from 30 to 4900 ppm , and do— Uran ium concentrations in various

• plicate aliquots had Coefficients of Varia— depth increments of duplicate 30—cm soil

t ion (CV — standard deviation/mean ) of 0 cores taken 0.5 m apart at E—F Site (Table

to 0.68. Variability was usually greatest III) showed a trend toward greater i-aria—

in samples that had uranium concentrations bility among samples of the deeper (>10-cm)

near the detection limit of 10 ng total . horizons. Values were between 0.44 and

Results presented in Table A—Ill are 0.57 in the depths to 10 cm and between

for samples taken in the same manner as 0.71 to 0.94 in soil from 10 to 30 cm below

those in Table A—I and are generally simi— the surface .

lar. These data suggest that results from

C. Soil Uranium Distribution at LASL E-P the soil sampling are probably influenced

Site by the variable deposition of uranium debris
1. Spatial Variability in Sampling from past explosive tests (fragments from

for Uranium Distribution. Our 1977 corn- 2 nra to several centimeters in diameter),

plet ion report2 discussed uranium distri— by the subsequent variable leaching proc—
button in K—P soils based on analyses of eases that transport the uranium to deeper

single samples taken at each sampling loca— soil profiles , and by surface water runoff

tion. A “within sample” variability , due that transports the uranium away from

to sample processing and chemical analysis the site. The t e n t a t ive conclusions drawn
factors , was repc rted to range from 0 to from the comparison of CV8 in this section

0.12. We now report data obtained from are constrained by the small number of

randomly selected dupl icate samples , wh ich samples relative to those needed to reas-
were taken at locations 0.5 m from , and onably estimate such variance .13

parallel to , those reported last year , so 2. Uranium in Soil Separates . Soil
• that we can determine the spatial variabil- samples collected at 10 m from the deto-

ity occurring in our polar coordinate sam- nation point were obtained from areas in

pling. which the vegetative cover was very sparse ,

CVs for surface (0— to 2.5—cm—deep) soil profiles were moderately eroded by
soils at various distances from the deto— wind and water , and particle sizes char—

nation point are shown in Table II. Values acteristic of coarse sand , very coarse

for sample pairs taken 0.5 m apart were sand , and coarse fragments constituted 30%

lowest (0.18) at the 10—rn distance and of the soil mass. Soils at greater dis-

greatest (0.96) at 50 m. The variat ion for tances , such as 150 and 200 m , con ta ined
individual sampling locations ranged from finer material and showed little water

0.04 to 1.06 and showed no consistent pat- erosion effects; they were characterized

tern related to distance from the origin by 40% silt-clay , 35% sand , and small

of the uranium. These data illustrated the amounts of the larger size fractions , as

strong influence of the past programs at shown in Pig. 2. The distribution of the

E—F Site upon uranium distribution patterns , uranium inventory particle size categories

7 
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TAttLE 11

VAR IATI ON IN E-F SITE SURFACE (0- to 2.5-cm-UEEP ’i

SOIl. SAMPI.ES AT VARIOUS DISTANCES FROM THE DETONATION POINT

Distanc e S~~ ple Pairs A l l  Samples
-~ (rn) (‘V (h an) ~~‘W

(1 —- 0.62 2

10 0.18 2 0.89 8
20 0 . 5 1  1 0.65 6
30 0.8 7 2 0.65 8
40 0 3 0  2 0 . 56 7
50 0.06 2 0.69 8

75 -- 0.73 7
IOU -.- 1.29 8
150 0 58 I 2.33 $

200 -- 0.95 6

a n ai.a a 1 cores were ca l cu la ted  Ia~- mut t  ip l yt ng  beth  d istance from the firing point and

the ui’s n i  urn a’ont’en Ira II ‘n 1w the ma as ~“ 1 dept It in the’ sat II pro f t  Ic ,‘san at ra i its a

eac h f rai.’t ion, Those taken at 10 in from at r a i.-t tn t a’rpre t at ion o f  t he’ d~ is . I(s’aa ,’~ ~
the det o nat ton point tended to cI s’se’ Iv par— a genera I dci’ rease of ut’an turn csanm ’en I i’s I a a
a l le l the so t )  masses in those e’ategorie’s , iii s o i l  w i t h  dts tane ’e’ is apparent and a

but they showed a shift toward more small generalized interpretation may be made’ that

uranium t’53-um ) parti cles and fewe r large small uranium particle , predominated at t h e

part tel es than in the soil mass . OnI 2% 10—rn afla tan ee in both soil colu me the re-
sat either the uranium or the soil mass in ments; larger (1- to 2-me) particles assume d
the 53- to lOS-tam sise range at the  10-rn major importance in the 20- to 50-rn die-
dis tance . Th is sugg ested tha t  we may have t ances , w ith a fair representation of
encountered soil part ic le s contaminated Intermediate-st eed (105- to BOO-urn) part i-

with uranium rather than uran ium particles a ’les ; and most of the uranium at the periph-

~er se . However , uranium parti c les of ers’ sat  t h. c ir c ular stu dy area was again

‘500-urn di*met,r constituted a greater associated with ‘1000-urn particle.. The
fra cti on of the total uranium inventory distribution with distance may have been
w ith increasing distance from the detonation

p oint than did soil parti cles , indicatin g
app reciabl , depositi o n of r e l a t i ve l y  smal l  TABLE Ill
uranium pa r t ic l es  over the past several COEFFICIENTS OF VARIATION OP URANIUM
years u t  tests at F-F 8it~~. CONCENTRATION IN VARIOU S DEI~I’H INCREMENTS

a The ite’i’ cent s a t  uranium in the three’ OF DUPLICATE SOIL. (“ORES SAMPLED 0.5 at

sm*lIest size fractions wa s co ne is t e n t i s  APART AT E— F SITE
greater  than the masses o f  those f r ac t i ons  Soil Depth CV
an  both depth increments , illustrat ing the 1cm) 

______ 
N

predominance of  p a r t i c l e s  ‘500-tam diameter 0-2,5 0.57 10

thei- .’t ia 2,5—5 0.44 0

li - si a t urn ,‘san ,’f’nt rat tons in t he si ~ soil 5—1 0 0. 52 it

~~i ,e’ ft-a ct tons from the 0— t o  5— i ’m and 5 — 10—lB 0. 71 s
t o  10-cm depths are g raphi ca l l y  presented 15-20 0.04 5
in Figs. 3 and 4 . The appre ci ab le i-ari a - 20-30 0.78 3
l ion in uranium values a. a function of

$
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Fig. 2 . The per cent of  the t o t s l  uranium and per cent •oil mass associated with each size
fraction as a function of sot ) depth at 10 , 50. 100, 150, and 200 at from the deto-
nat ion point . The left- ai de bar for each size fraction is for the 0— to 5-cm
depth and th. right-sid , bar is for the 5- Ia ’ tO-cm depth.
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at feam’tt’d t o  an unknown degree by the place- respective median uranium concentrati ons
mt’nt of  the detonation point at t he base of (Table V). As noted , the 6000-rn2 dass’re.~a-

the northern mound (Mete’ Fig. 3, sat Ret. I) . ancy in total surface areas used in the ’
wh ich would have’ caused an asynanetical die- calculations resulted from the’ lack ot e la t e
persion s a t  urantum and other debris from from the 200-rn sampling location south of
,‘~ pLos ire’ tests, the detonation point 1 5’cause that b eat a ’’ aa

3. tIranium inve’ntory Estimates by falls within Po tri lla a Canyon and preve’nt .’st

Annu li *nst Isopleth Methods. The’ parameters extrapolation of the isopIeth~ to that

used to estimate the uranium inventory in region . II we’ assume that the 100- to 300-

E-F Site surface’ (0- to 5-cm—deep) soils by u g / g  uran i um i sopleth is applied t ea  t ha t

the two different techniques are presented area , the est imate is changed by only

in Table’s IV and V. The method in which 2%.

the median uran ium concentration at each of The total uranium (in kilograms ) and

10 sampling distances from the detonat ion the per cent of the estimated uranium in-

point was used (Table’ IV) to calculat e an ventory within each annulus (Tabli’ IV 1 re-

inventory within that annulus yielded an fleets the magnification prodi!ced b~ surface’

est imated 4480 kg within a surface area of area and soil mass parameters used in eala -

125 590 m2 , t n c l u d in g about 6000 m2 in tam ing the estimate by the first method.

annult south of the 150—rn sampling point. Note that the 125— to 1 75—rn segmen t con-

The second inventory estimate’ of about 2970 ta m ed 37.5% of the surface area and 54% of

kg within a surface area of 119 140 m2 was the uran i um invent ory , or a ratio of 1 .4
obtained by using areas within uranium con- between the per cent ,if the’ total uran i um

• centrat ion isopleths (Fig. 5) and t h e i r  and the’ per cent of total sur face area in

4
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Fig. 3. Uranium concentrations in soil size Fig. 4. Uranium concentrations in soil ai7 e ’

fract ion, as a function of distance fractions as a function of distance
in the 0- to B-cm horizon at E—F in the 5- to  10-em horizon at F-F
S i te .  S i te .
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Tau t IV
UTISATID IMAIIII ’Ii INVtNTVSY is simpact solt.s (0- to 5-ca) AT 5-P SITE

D E T I a N I N E D  SY SUSUING UaANIuM C0ltCVrTRATlO~4* IN ANNIJLI
P.r Ceat of Total

Surtso. Total U dtin Urauu iua per Ceat
Numbe r Area of Surface Ura~ 1~m iii Ur aniu m

Dtitauic • of Lassie. Ar.. .a Conc.uitraiioa L~au1u. is % VrIt.$um/
in) ~sumIee (u11 Ailsulu s t a c i t)  (U! Assets. S $MrjsCr Ar,j
0-5 3 iS 0.06 4750 $6.1 0.6 10
3-13 S 02* 0.5 4515 2(5.6 4 - S 9.6

15-23 6 1157 1.0 *33 73.6 ii (.6
25-35 S 15*5 1 5 (320 i75.4 3 0 2.0
35-45 7 23 (3 3 .0 710 124.7 1.5 1.4
.15-55 5 3142 2 .5  473 (04 5 2 . 3  0 % ’
55-57 5 7 14550 11.6 350 35 5 S O  0 .7

17.5- 123 5 25O~I3 19.9 370 031 9 1 4 5  ( 17
123-175 5 4 7(24 37 ,5 730 24 (4 7 5 3 5  I 4
(75-200 7 20453 23.4 105 340.2 7 .0 0 7

Tot a ls 0-200 00 i95592 100 1240a150 4453.3 (00

the circular study area , as shown In the surfac , area was associated with two concen-

last  column . Such ratios were generally t ra tion  gradients;  60% was within the 100-

proport ional to the changes in the’ uranium to 300-pg U/g soil Isopleth and 31% was in

concentrat ions more than to changes in the the 300- to 1000-pg U/g soil isopleth. The
surface area. This illustrated that an respective portions of the uran i um inventory

overest imate of the inventory might well within these areas wa s 56 and 25%. The

have been Introduced by a single large ura- ratio of per cen t uranium inventory to sur—

nium concentration value that sharply in- face area determined by the isopleth method
creased the mean uranium value for that shown in the last column of Table V was

part icular segment. By deleting that datum , bees consistent than in the annulus method
the mean uranium value for the 125-. to 175- but also showed a rapid decrease with die-

m segment was decreased by a factor of 5, tance from the detonation point.

and simi larly reduced the uranium inventory From these exercises we have estimated

est imate to about 21100 kg. However , wet be- t h a t  the uran ium inventory in the 0— to 5—em

l i tevee that such anoniolies represent a “real soil horizon at 8-F Site is between 3000

world” situat ton that results from the corn— and 4500 kg, not including particles ‘6 nan

mon occurrence of large uranium part ic les in size’, wh ich were screened from the sam-

away from the detona tion point , plea during processing for whole soil sample

In the i sopleth method of estimating analyses. The uranium inventory in the

t he uran i um inventory , over 90% of the “6-iais part icle size fract ion could not be

Tattl E V
ESTIMATIP UNNAIUM INV1 NIOSY IN StIRFACE 3011.3 (0- to 5-cm) AT f -F SIT E

AS DETERMINED SY THE 1135 OF CONCENTRATION GRADIENTS

Nt~mbo r of
San’çliue9 Peer Cent We dia n tota l P.r Cent
Location . Surface Surface Uranium Urs~ Ium Uranium

isopleth Within Area Area in Conceit tratir ’n in Isop leth in S t’r.ntumF
(ut/il teonleilt (a’) t.onl.th (u t / i )  (UI ~s~~l.s5h ~,,3~ rtue s -e. Ir r e

~30OO 3 611.6 0.5 6100 901,2 U .S  17.0
1000-3000 (4 1090.6 2 . 1  1300 $73.1 5 .3  4.1
300-1000 32 36740.0 30.0 030 1672 50.3 1.5
(00-300 Ii 10065.5 50.6 150 745.1 *3.1 0.4
30-100 3 1730.3 3 .3  05 11.4 0 .4  0.1

Total. 07 1(9 )4 1.7  $979 • 1
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considered. Two ver important considera-

______
_

____
_

____
_ tions are surface’ soil texture and mothiure’

content , the l a t te r  of which we’ have’ not

_________________________ examined because of the h igh ly  ~- :e r i a b l e.

soil moisture at E-F Site ’ .

lectora (Table VI) ma intained for 3 months

_____ In itial results from the’ Bagnold t’oI-

____________________ at the E—F Site detonation point and 40 m
- 

a
•~a downwind suggested that uranium part id es

-. - “100 pm in diameter or those expected to

move by surface creep and saltatlon , were
most active at the ground surface of the’

(‘RANIUM co~t ’I~ T1. ’..roNs Ar ~ ~‘ detonation po in t .  Fine part lculates with
~~~~~~~~~~~~~~~~~~~~~~~~ H
. ‘~~~~~ ~. ‘ ‘—  relat ively high uranium concentrations pro-

ó~~~ w i~o
~~~~~~~~~D ~~O

dominated in the heights above’ 0.5 cm ,
— am . ~~ I ~ANPt. IN~ i0ca1’ioN~

~~ am i demonstrat ing the importance of suspension
L

— 
in redistribution of uranium. Samples from

the co l l ec to r  located 40 an f ro m the detona-

tion point were more uniform in uran i um cola -
Fig. 5. Calculated isopleths of uranium cen tra t ion and per cent o f uran i um in the

concentrations in the 0- to 5—cm .
soil horizon at 8—F Site, two size f ract ions , except for those from

the h ighest collection slot. The large r

part icle size’s predominated in samples of

reasonably estimated because of its highly airborne soil <30 to 45 cm above the ground

irregular distribution over the land sur— s u r f a c e  and the  smaller size f r a c t i o n  became

face . increasingly important above that height.

D. Bagpold Collection of Redistributed Essentially all of the uranium sampled at

Uranium Particles 60 to 75 cm above the surface was in part!-

W inds can initiate three basic types c le’s of ‘-100-pm diameter.

of soil movement that cause redistribution A total of 38.6—mg uranium was sampled

of particulate materials: surface creep , by the Ilagnold apparatus at the detonation

salta t ion , and suspension .14 Surface creep point during the 3 months of exposure corn-

involves particles in the 500- to 1000—pm— pared to 7.9-mg uranium obtained from t he

diam range that are pushed along the ground In strument located 40 an downwind. The per

surface by strong winds or by absorption of cent of uran ium associated with the two

momentum from smaller part icles in salta- size fractions at each he i ght indicated

tion . Saltation consists of wind—driven that a greater sample mass wits collected in

100— to 500— pm-diam particles that bounce the ‘100-urn fract ion and that 132% eaf the

within a few centimeters of the ground sur- uran ium was collected within 30 cm of the

face . Suspension , or reflotat ion , is the ground surface at the detonation point. At

l ifting and becoming completely airborne of the more distant Bagnold sampler , about 50%

fine particles <100 tIm, w i th  those <10 pm of t he  uran i um was collec t ed a t ground le’v ~~l

possibly being suspended almost indefinIte— and 94% was collected w i t hin  30 cm of the’

ly. Several different mechanisms are in surface . The soil part ic le size ai,a lyses

volved in these three phenomena and the ir reported earlier 1 ’2 al so showed tha t t he

interpretation I s often highly technical , “l00~ um particles compose the largest por-

depending upon the nature of the particulate tion of the soil mas’~ near the two sam~a 1l n g

mater i-

~~~~~~~ 
- 

al and the environmental setting being locations. Althou gh the’ meteorologica l 
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TABLE VI
SOIL URANIUM CONCENTRATIONS AND PER CENT URANIUM IN TWO SIZE FRACTIONS

COLLECTED FROM BAGNOLD DUST COLLECTORS MAINTAINED AT E-F SITE
PROM APRIL TO JULY 1977

-
‘ 

Collection Location
Detonat ion Point 40 m NE of Detonation Point

Size Uran ium Per Cent Uranium Per Cent
Height Fraction Concentra tion Uranium in Concen t r a tion Ura nium in
(cm) (~mj — 

(pg/g) Size Fraction (j~g/g) Size Fraction
0-0.5 “100 481 21 1500 48

>100 7555 79 1060 52

0.5-15 ~l00 12700 57 750 48
‘100 1420 43 810 52

15—30 <100 11900 55 2710 42

>100 1780 45 3100 58

30-45 <100 10800 59 1500 50
>100 1510 41 1010 50

45—60 <100 10700 56 2300 54
“100 1380 44 1000 46

60-75 <100 14000 50 4400 100

“100 1420 50 19 <1

have not been reduced to the suimnary form was made during April and May 1977 and

necessary to assess the implications of uranium analyses were obtained for six

wind speed and direction to the redistri- sample types. Results (Table VII) indicated

bution of uranium , the above data indicate that there was a difference between uran ium

that surface creep and saltation are impor— concentrations in the several tissue types

tant natural agents affecting surface trans— and that deer mice generally contained

port of uran ium at 8-F Site. Surface water higher mean uranium concentrations in their

runoff was previously implicated as the tissues than did pocket gophers . These

major means of uranium movement in the data are consistent with the 1976 results

transfer of about 58 kg of uranium from and confirmed our previous observations in

E-F Site to a 9000-rn sector of adjacent most areas ; however , several aspects of the

Potr illo Canyon over a 23-yr period,2 data require ampl4fication . An important

E. Uran ium Concentrations in Small-Manana l difference between 1978 and 1977 (Table V II ’)

Tissues results is the much higher uranium concen-

Our 1976 report ,1 wh ich contained a tration in the 1977 samples except in the
very limited number of analyses from pocket lungs of deer mice . In most cases the

gopher (Thomomys bottie) tissues collected current levels are 2 to 100 times those

during Nove mbe r 1974 , indicated a difference measured in the animals collected during
in uranium concentrations between that sub-. November 1974 or June 1975, even though no

t e r ranean species and t he surface-active additionil releases of uranium occurred at
deer mice (Peromyscus maniculatus ). To 8-P site during the interim. Therefore , we
extend th is observation , a more intensive can only speculate about the reasons f o r

simultaneous collection of the two sr’ectes the higher levels.

13
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TABLE V I I

URANIUM CONCENTRATIONS IN TISSUE SAMPLES P8054 TWO SYMPATRIC SPECIES

OF SMALL MAMMALS AT LASt 8-F SITE (APRIL - MAY 1977)
Uranium Concentration (pgJg)

Species Sample Mean Median Minimum Maxim um CV N
Peromyscus 01 900 380 140 3600 1.49 6

Thomomys 220 75 <0.5k 720 1.15 8

Peromyscus Pelt 500 300 140 1530 1.07 6

Thomomys 200 120 9.1 460 0.91 8

Peromyscus Lung 4.4 <0.5 <0.5 24 2.18 6

Thomomys 5.7 <0.5 <0.5 42 2.44 4

Peromyscus Carcass 6 .8  2.9 <0.5 30 1.69 6
Thomomys 4.3 1.0 <0.5 16 1.23 8

Peromyscus Kidney 30 <0. 5 <0.5 140 1.85 6
Thomomy s 21 <0.5 <0.5 160 2.45 8

Pcromyscus Liver 23 18 <0.5 60 1.02 6

Thomomys 10 <0.5 <0.5 58 1.90 8

aMinimum detectable limit.

Several environmental and physiological ingested by small mammals during their nor-

parameters are substantially af fected by the mal grooming. The relatively low fraction

seasonal differences that are represented by (<l0 ’~~) of uran ium transferred from the 01

the November 1974 and April-May 1977 col— track to blood presumably accounts for the
l ection periods. Soil moisture varies modest concentrations found in carcass and
strongly with season and is probably one of lung samples and mitigates the consequences

the major factors that influences the blo- of ingestion of uranium from whatever source.

availability of uranium in the upper few The amounts of uranium in deer mouse and

millimeters of soil. This possibility is pocket gopher lung samples collected during

suggested by the appreciable differences 1977 were similar to one another and to

between Peromyscus pelt samples taken in carcass values , arguing against appreciable
November 1974 (24 pg/ K) .  June 1975 (49 pg/ inhalation of uranium particles; positive
g), and April—May 1977 (500 ug/g). Food values occurred in only one specimen of each

hab its of the small mammals vary apprecta- species .

bly; the pocket gopher is a vegetarian The uranium concentrations for tissue

heav ily dependent upon plant roots and samples presented in Table VII illustrate

ot her vegetat ive plant parts , whe reas the that the range of values was extremely
deer-mouse diet shifts from a preponderance large , often positively skewed , and highly
( 94%) of see ds , fru i ts , and roots during variable. Such character ist ics are m d i-
winter to mostly animal foods ( 76% large cated by CVs almost consistently >1.0 , which
insects and other invertebrates) during complicates the s t r ic t  interpretation of
spring and then to mos t l y  plant foods (68% ) the data and suggests that a much large r
during sunmier t5 

Although the food habits number of samples would be necessary to
wou l d  presumably influence the concentra— provide conclusive results. The variation
t tra fl~ o f u r a n i um i n internal organs , appre— apparently results from the part i culate

ciabIe amounts of soil and uranium are nature of uran ium , i ts density and mobility

14
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in the environment , and the variable habits the mean number of species per sample and
of the animals, the total number of species per sampling

A possible explanation for some of the period were similar for both test and con-
differences between the 1977 data and that trol areas. A total of 63 species were
obtained in 1974-1975 is the change of ant- identified at the 8-F test area and 61
lyt ical methods that was discussed in Sec . species at its control area; at the LB
II.A. The earlier samples were processed test area , 43 species were collected corn-
by FA . which is less sensitive than IENAA pared to 53 species at its control area.
and requires that the sample be put in Relative densities (RD — per cent of
solution . This offers the possibility for total animals) of most single species or
some variable portion of the uran ium to larger taxa indicated that there were pre-
become adsorbed in the residue mat r ix  and ferences toward individual sampling sites
to be missed when an aliquot of the dim- rather than selection against test areas.
solved sample is analyzed. For example , Thysanoptera had an overall RD

The results for both maninalian species of 48% at the E-F test area and 4% at its
showed that the highest uranium concentra- control area. This order showed an opposite
t ions we re in CI tract contents and that relationship at LB Site , where RDs of 0.3
slightly lower values were in pelts. Kid- and 14% occurred at the test and control
neys and livers contained about 5 to 10% of areas , respectively. Coreid, m in d , and
pelt values , and lungs and carcass samples cicadellid bugs were the only species whose
contained amounts that were slightly above abundance suggested a preference for con-
background. The data substantitte our pre- trol rather than test areas and aphids were
vious report that the greater bioavailabil— the single taxon with greater abundance at
i t y  of uranium in the top few millimeters both F—F and LB test areas.
of soil at 8—F Site results in greater con— Herbivorous species constituted >65%
tamination of the deer mouse populat ion of the total individuals collected by sweep
than of the pocket gopher population , net and carnivores made up “10% of the
F. Macrofauna Studies total; the remainder consisted of omnivores ,

1. Numbers of Individuals and Species scavengers , or species whose food habits
Taken by Various Collection Methods. There are unknown or ill-defined.
was no consistent difference between either There fore , the overall comparisons of
the numbers of individual invertebrates or numbers of individuals and numbers of spe-
the numbers of species captured in pitfall cies obtained by pitfall traps and sweep

traps (Table V III). The taxonomic orders nets revealed no conclusive evidenc&i of a
Acariiia , Hyrnenoptera , and Herniptera were gross differential response to the areas
most strongly represented. Acarina were of relatively high uranium concentrations

most abundant during April , decreased during in soils and to nearby control areas.
warmer months , and then increased during 2. Distributions of the Major Inverte—
November. Hymenoptera and Hemiptera showed brate Orders. Analysis of the results ob-
a reverse pattern of abundance , with low tam ed by the three sampling techniques
population densities during spring and au— used during the various years of study - -

tumn months and greatest abundance during (Tullgre n funnel extraction of invertebrates
sunuser months. from soil cores , pitfall trapping, and

Sweep net results are summarized in insect net sweeps) indicated that the

Table IX. A greater number of individual greatest numbers of animals were obtained
Invertebrates were usually captured in the from soil cores and pitfall trapping, that - 

-

test areas rather than in their controls only 10 to 20% as many animals were ob-
during the sampling periods , even though tam ed by sweep net , and that results from

15
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TABLE V I I I
MEAN NUMBERS OF INDIVIDUALS AND SPECIES OF I NVE RTEBRATES

COLLECTED BY PITFALL TRAPS AT LASL SITES DURING 1976
Test Areas Control Areas

Sampling Period 8-F LB 8-F LB

Ap~~ l 1976
Individuals per Sample 72 130 83 93
.~pecios per Sample 24 23 20 22

Total Species 55 55 49 44

Way 1976
Indiv iduals per Sample 27 43 39 82
Spec ies per Sample 14 16 16 25

Total Species 39 39 39 42

June 1978
Individua ls per Sample 90 120 60 123
Species per Sample 30 28 22 23

Total Species 75 80 53 59

September 1976

Individuals per Sample 36 66 22 71
Species per Sample 14 16 12 14

Total Species 40 34 45 40

November 1976

Individuals per Sample 51 65 58 53
Species per Sample 12 18 13 13

Total Species 30 40 34 34

Monthly Average
Individuals per Sample 52 85 52 80
Species per Sample 19 20 16 19

Total Species 48 50 44 44

the test areas end their controls were in- compared to the LB control area but with a
consistent among the three technique.. At greater numbe r of species in the soil cores.
8-F Site , the numbers of individual , end Pitfall collection , were similar in both
number . of species collected from control test and control areas.
area soil core. were greater than from test Specific distribut ions of the various
area core.. Sweep net results were •*actly orders were a. follows :
the opposite , with more than twice as many a. Acarin a (Tick, end Mite.). This
ind tvLdua l. per sample from the test area order was most abundant in soil cores and
compared to the control area but with a pitfalls and nearly absent in net sweeps.
similar number of species obtained from It consisted of 30 to 50 species end con-
both areas. LB sample compositions were stituted from 50 to 90% of the total in-
the revers, of those from 8-P Site , with vertebrate , obtained f rom soil and pi t fal l
the LB test area yieldin g more indi vi dua ls samples during all sampling period.. Popu-

lation densities determined from pitfall

16 
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TABLE IX

MEAN NUMBERS 07 INDIVIDUALS Alil) SPECIES 07 INVERTEBRATES
COLLECTED BY SWEEP NET AT LAST SITES DURING 1975 AND 1976

Test Areas Control Areas

Sampling Period 8-F LB 8-F LB
November 1975

Individual, per Sample 1,7 94 10 11
Species p.r Sample 1.7 3.3 1.7 4

Total Specie. 4 6 4 11

February 1976

Individual s per Sample 12 1 - I I
Species per Sample 4.7 0.7 1.3 0.3

Total Species 10 2 4 1

March 1976

Individuals p.r Sample 2 4 .7  -- 3.7

Specie, per Sample 1,3 2.3 -- 1.7
Total Specie. 3 6 -- 3

May 1976
Individual , per Sample 24 7 28 34
Species per Sample 8.3 4.7 5.3 10

Total Spec ies 21 9 13 22

Septembe r 1976
Individua ls per Sample 146 80 33 73
Species per Sample 18 18 18 16

Total Specie. 32 27 42 35

November 1976
Individuals per Sample 18 6 5 13
Specie, per Sample 13 18 13 13

Total Spect.. 30 40 34 34

Monthly Average
Individuals per SampLe 34 32 15 23
Species per Sample 7.? 7.8 7.9 7.5

Total Species 17 15 19 18

collections wer. similar for all sites and decreased during warm months . About two-
did not confirm earlier soil cor, results thirds of th. identified specie. were
that showed significantly greater densities carnivores.
of Aca rina at the 8-P control area than at b . Araneida (Sp iders~ . The spider.
th. test area and a reverse situation at were usually most abundant in pitfall ccl-
the LB Site. Population. we re highest dur- lections ; and we re taken 1... often in
ing aut u ,  winter , and early spring , then understory vegetation sweep samples . A few

t ransien ts were col lected from soil cores.
Populat ion d.n.tti.. were similar in both

17
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test  and contro l areas , as determined by all cores . The Hemiptera were more abundant at

three coll ection techniques . Although the test areas than at control areas , a f inding
spiders eunsitituted a greater portion of which contrasts with results from the soil
the catch from net sweeps at the F-F areas , core extractions reported last year. This
they represented only 8% of the total ant— order is mainly herb i vorous .
mals at  the contro l area. Their actua l 1. Thy sanoptera  (Thrips). These ant—
abundance was greater In the pitfall co l— mals were collected at about the same den-
t.’e tiofls than in collections by the other sit tea by all three methods , but wer’
capture methods. Forty— five species of  slightly more abundant in sweep net cot—
sptJ t ~rs were ident i f ied, most of  them clas— lect ions at the IS test area. Despite the i r

as predators . low population densities they constitut ed

- 
Co lembola (Sprtngtails) .  This 30 and 27% of samples at the LS test and

order was most abundan t in pit fall col li’t’— cont rol art’as and 4 and 12% at the F- F t ~‘st
ions - was I ess consm.~n in so i 1 cores , and and ~~~~ rol areas , respect I vol y . This con—

was se l dom t aken in sweep net samples from t radictory relationship of samples from
v.’g.’tat ton . They were most abundant at the test and contro l areas appeared in th ’ l~17~
IS test area , where soil ~ores contained r e s u l t s .  This order is also mainly he r b i v—
twic.’ as many individuals as were in the orous .
p i t f a l l  samples. The F— F test and coat rot 

~~~~~ th~ era (yl lea) .  Populat ion densi —

area results showed an opposite trend , with ties of flies were generally low , probably
signif ic antly greater densities in control because t h e  sampling techniques used in our
s i t .’ so i l  cores and stmi Ian abundances in s tud ies  were not e f f i c i en t  at captur ing
both t eat and contro l area p it f a l l  co 11cc— reprt’sen ta t  i V (’ samples of f l ies.  No ~‘on—
tiens . Cullembola wore usuall y most abun— sistent similarities or differences were
dent during late spring and summer months. noted in samples from experimental and con-
Most speci.’s of th is order are scavengers. tro l areas.

d. flymenopters (An ts  and Wasps) . Cot— h. Coleopte-ra (Beetles). This largest
l.’ct ions of this order consisted must l of order of insects was poorly represented in

a n ts . wh ich  were most conu~)nly taken in pit- our samples , as i l l us t ra ted  by thei r  rela-
(all t raps , reflecting their status as a live densit~’ of ‘- 2%. As with the Diptera .
wanderin g part of the insect comm unity. other sampling techniques are required to

Their relativ e densities were greater at obtain more representati~’e samples. (ireat ’r
IS than at F—F Site , and they were vsp.’- densities were recorded in pitfall coll.’c-
c i a l l v  abundant in summe r , when they made tions , but there were no consistent similar-
up .‘l t o  99% of the total individuals col- ities or differences between control and

lec ted. Wasps constituted the major portion test areas .

of  sweep not samples ; they are generally 3. Population Responses to Uranium.

omn i vo res , hu t many species are herb i vores These results substantiate our 1976 obser-

whose larvae are carn i vorous . va ti ons cit invertebrate population densities

e. Hem iptera (Honmptera and Heterop- in soil cores taken from LASL test and con-

tor~)(Rugs). This is the major taxon asso- tro l areas. The 1 976 and 1977 data taken
.‘ia ted w i t h  vegetat ion ; it s  members repro— by the three methods of collect ton i nd ica te
sontod 50 t o  803 o f the t o t a l specimens that environmental gradients other than the

co l lec ted  by swoop net. They we re also corn- uranium concentration in surface so i ls
mon in p i t f a l l  samples , with a relative den— affe ct invertebrat e populations to such an
s it v of  about 103 at al l four areas. They extent that we cannot Interpret their

occurred :it very reduced densities in soil fluctuations as a response to uran ium chem-
ical toxicit y .

18



-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ W ~~~~~~ 
- -

1’
IV. SUMMARY AND CONCLUSIONS Spatial variabilit y in sampling for

A third year of study of the ecological uranium distribution by a polar coordinate

conseq uences of exposure of terrestrial eco- system was evaluated by analysis of uranium
systems at LASL to  elevated soil concentra - concentrations in randomly selected dup l i -
tions of natural and depleted uranium was rate soil cores taken at locations 0.5 m
completed. Specific accomplishments in- from and parallel to those reported last

eluded (1) development of a more accurate year. Variation , for surface (0- to 2.5-cm-
and expeditious met hod of uranium analysis , deep ) soils averaged lowest (0.18) in sam-
IENAA ; (2) determination of natural and pies collected at 10 m from the detonation
depleted-uranium concentrations in three point and greatest (0.96) at 50 m. The in-

sets of EAFB soils collected during range dividual variations ranged from 0.07 to
cleanup ; (3) eva lua t ion of inventory esti— 1.06 and showed no consistent pattern re-

mates , spatial distribution , and part icle lated to distance from the origin of the

size correlati ons of uran ium in so i ls at uran i um , i l lustrating a strong influence of

LASL 8—F Site by annuli and isopleth meth— past chemical explosive tests conducted

ods ; (4)  demonstration of different uranium between 1943 and 1972. Uranium coneentra-
concentrations in organs and tissues of deer tions in deeper (30-cm) soil cores showed

mice and pocket gophers from an area of that Soil sampling results are strongly in-

high uranium concentrat ions in soils; (5) fluenced by the variable deposition of past

evaluation of surface transport of particu- uranium debris , fragments from 2 mm to
late uranium by the processes of surface several centimeters in diameter , by the

creep . saltation and reflotation (suspen— subsequent variable Leaching processes that

sion); and (6) summarization of two years ’ transport uranium to deeper soil profiles .
results of invertebrate population measure- and by surface water runoff of uranium to
ments made by soil core extractions , p it- distant locations .

fall trapping, and insect net sweeping at Uranium concentrations in six soil
two LASL test areas and their controls to size fractions determined from forty 0— to
evaluate the consequences of exposure to 5-cm- and 5- to 10-cm—deep cores showed
uran ium . considerable variation but suggested that

Comparisons of uranium concentrations small (‘-53-nm) uranium particles predomi-

in a set of 33 soil samples and 2 standards nated at 10 m from the detonation point;
determined by IENAA , DNA , and PA showed larger (I- to 2-mm) particles assumed major
good agreement. A mean ratio of results importance at the 20— to 50-m distances .
from IENAA and FA methods was 0.94 ± 0.19 with a fair representation of intermediate-
(std day), indicating a slightly lower but sized (1OL ’ to 500-tarn) part ic les ; and most
trivial bias of the rat io. Considering of the uranium at the periphery of the 12.6-
these results , the significant reduction in ha study are a was again associated with
cost and t ime for sample processing , and small particles.
the increased reliability, IENAA was s~,, Two methods we re used to calculate a
lected as the method to be used in mod~ total uranium inventory within a 12.6-ha

future uranium analyses in our laboratory . circle centered on the 8—F Site detonation
The EAFB soil samples consisted of a point . The first consisted of calculating

set taken from barrels of contaminated soil the surface area enclosed by an ann ulus at
removed from test ranges by a contractor the midpoint between each sampling distance
and two sets of near—background samples, and applying a median uranium concentration
Uranium concentrations in the cleanup ma- derived from a l l  sampling points within
terials ranged from 30 to 4900 ug/g ( ppm) each area . The second method involved
and duplicate aliquots had CVs of 0 to 0.68.

‘9
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t ’S 1 e u  ta t  t ng the su r f*ct’ areas of sot 1 ura— were’ samp I .‘d by p it fu ll t rapping and i nst ’c t

iii urn coi ice’nt rat ion i sop 1 e’ t ha and mu It ip ly ing net swee ps to  eva I us I t ’  possible e f f e c t s  o t
by the median uranium concent rat Ion for each exposure to such level s upon those animals -

tsoplt ’th. Inventory t’stimatt’s o t  4500 kg The’ overa l l  comparisons of numbers of in-
• by the ’ first method and ‘3000 kg were obtain— dividua ls and numbers of species in the

.‘d. study areas revealed no conclusive ’ evidence
Ini tial  resul ts from Bagnold dust ~‘ol- of a gross d i f f e ren t i a l  response to  the

lt ’c to rs  maintained for 3 months at two 10— areas of re1at ivet~’ high uranium concentra-
cat ions near t hi’ F-F Site dt’tonat ion point t ions in soils  and t o  cont rol a reas .

i n di c ted that uranium par t ic les  in the’
‘lOO-cm-diam range , or t hose e’xpected to ACKNOWLEDGMENTS

move by surface creep and sa l ta t ion , we ’re ’ Environmental St udies Group personnel
most act lye at the ground surface. Fine who deserve recognit b r .  include K. V . Bos-
parttculates with relative ly high uranium tick for supervising sample ’ process ing;  P.
concentrat ions predominated in collt ’ctor F. Baldwin , M . A. Rosenthal , J. I.. Mart m e ’.’ .
hei ghts above 0.5 cm . demonstrating the and G. Tru,ji llo for technica l assistance ’;
importance of suspension In the redistri— and F. S. Oladney and P. Jose for conduct inez
button of uranium. uranium analyse’s. P. C. loan .’ separated,

Uranium concentrations in tissues of identified , and summariit’d soil macrotauna~
deer ml..’.’ tPeromyscus man iculatus ) and W .1 , Smith he1pe~i ~.e’nerate’ computer i.’ed

pocket gophers (Thomomy s bottae) collected graphics; and G. C. Whi te ’  provided s t a t i s -
at F-F Site indicated that there was a dif- tica l consultation . We thank all t hese

terence’ between amounts in several tissue people for their assistance’

type’s and that deer mi ce’ generally contained
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APPENDIX

TABLE A—I

ANALYTICAL RESULTS FOR EAPB SOIL SAMPLES

COLLECTED ON VARIOUS DATES IN 1976 ANt) 1977

Uran ium Concentrat ion
(ppm pg/g)

Date EAFB No. LASL No. Result ~ Uncertainty

28 June 76 0—0 77.05071 1 0.4
1— 1 5072 3 0.5
1—3 5073 23 0.8
1—5 5074 9 1
1—7 5075 8 0.7
1—9 5076 70 32
1—11 5077 2 0.6
1-13 5078 0.9 0.3
1—15 5079 0.5 0.4
1-17 5080 0.8 0.4
1—17 (Repl icate) 5154 0.6 0.5

2-0 5081 7 0.6
2—2 5082 38 1
2—4 5083 1 0.3
2—6 5084 2 0.4
2-8 5085 1 0 .3
2—10 5086 2 0.5
?12 5087 4 0.5
2 — 3 d  5088 30
2-18 5089 0.8 0.3
3-1 5090 3 • 0.7
3— 1 ( Replicate) 5155 2 0.5

• ~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE A-I (cont)

Uran ium Concentration
(ppm —

Date EAFB No. LASL No. Resylt t Uncertainty

3—11 77.05091 0.6 0.3
3—13 5092 3 0.1
3—15 5093 49 2
4-0 5094 0.7 0.3
4— 12 5085 2 0.4
4—14 5096 50 0.8
5—13 5097 2 0.4
5—15 5098 21 0.4

6 Dec 76 0—0 5099 1160 136
1—1 5100 5 0.3
1—1 (Replicate) 5156 7 0.6
1—3 5101 36 4
1—5 5102 34 1
1—7 5103 48 1
1—9 5104 4 0,3
1— 11 5105 3 0.3
1—13 5106 16 0.4
1—15 5107 21 0.5
1—17 5108 0,6 0.2
2-0 5109 4 0.3
2—2 5110 48 0.8

2—2 ( Replicate) 5157 105 3
2—4 5111 16 0,4
2—6 5112 3 0,3
2—8 5113 2 0.3
2—10 5114 1 0.2
2—12 5115 2 0.3
2—14 5116 0.9 0.4

• 2—16 5117 2 0.5
3—1 5118 3 0.5
3—3 5119 95 3
3—5 5120 1 0.4
3—5 (Replicate) 5158 1 0.5

3—7 5121 2 0.5
3—9 5122 2 0,4
3-11 5123 2 0.5
3—13 5124 3 0.5
3—15 5125 21 0,9
3—17 5126 1 0,4
4—0 5127 5 0.6
4—2 5128 3 0.6
4—4 5129 2 0.6

• 4—6 5130 2 0.4
4-8 (Replicate ) 5159 2 0.4

4—8 5131 1 0.4
4—10 5132 1 0.4
4— 12 5133 3 0.5
4— 14 5134 29 0.8 —

4— 16 5135 1 0,4
5—1 5136 2 0.5
5—3 5137 3 0.5
5—5 5138 2 0.6
5—7 5139 0.7 0.4
5—9 5140 2 0.7
5-9 ( Replicate) 5180 1 0.3

22 

‘ .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
j



F.— — -

~
--- - ‘ - -

~~~ 
----- -

~~~ 
— - .- . - - - -  

- 
— --—

~~~~~ 
• -.-‘- ‘ -- -- - - ,-•. •- - 

~~•~-~ -~~ ‘ • - • -

TABLE A- I (cont)

Uraniu m Concentration
(Ppm - uilg)EA!B No. LASL No. Result t Upp , r t a ~j ty

5—11 77.05141 1 0.4
5—13 5142 3 0.5
8- 15 5143 23 0.9
5—17 5144 0.5 0.4
6—0 ‘ 5145 0.4 0.3
6—2 5146 0,6 0.36—4 5147 1 0.3
6-6 5148 1 0.3
6-8 5149 0.9 0.3
6— 10 5150 0.7 0.5
6-10 (Replicate) 5160 2 0.5
6—12 5151 1 0.3
6—14 5152 2 0.5

4 April 77 5153 0.8 0.2

23



- .  - - ~~~~~~~~ ~~~~“ “.‘ —‘-—‘--—•-—--— .  
~~~~~~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~e’r~’~~- •-

-~~~~~~~~~ 
__

~w~~~~~ -

TABLE A-Il

ANALYTICAL RESULTS FOR EAPB SOIL SAMPLES COLLECTED
FROM RANGE CLEANUP OPERATIONS DURING JUNE 1977

Uranium Concentrat ion
Sample (ppm - pg/g)

EAFB No. Barrel LASL No. Wt (g) Resurt t Uncertainty

C— 64A 35 77.05177 2.47 90 7
C—64A 45 5178 2.50 120 12
C— 64A 56 5179 2.42 170 12
C-64A 40 5180 2.50 80 8
C—64A 33 5181 2.49 200 15
C-64A 55 5182 2.12 60 6
C—6 4A 23 5183 2.86 120 9
C—74L 60 5184 2.43 70 7
C—84A 20 5185 2.40 190 13
(Replicate) 20 5240 2.77 170 13

C—64 12 5188 2.93 480 42
C— 80B II 5187 2.50 30 3
C—64 13 5188 3.32 - 100 10
C-84A 48 5189 2.45 80 6
C—64 3 5190 2.41 970 85
C— 64A 44 5191 2.36 70 6
C-64A 51 5192 2.54 90 8
C—6 4A 50 5193 2.30 40 4
(Repl icate) SO 5243 2.24 70 6

C—64A 18 5194 2.36 740 65
C—64 8 5195 2.29 3200 200

( Replicate)  8 5240 2.35 4900 436

C-64A 24 5196 2.60 190 17
C-64A 49 5197 2.33 80 6

‘ C—64A 26 5198 2.57 100 11
C—6 4A 30 5199 2.51 140 10
C— 64A 34 5200 2.69 90 9
C—64A 38 5201 2.13 80 6
C—64 11 5202 2.62 880 77
C—64A 28 5203 2.24 120 9
C—80B III 5204 2.54 920 80
C— 64A 15 5205 2.32 340 24
C—64A 31 5206 2,20 220 20
C-64A 52 5207 2.46 40 4
C-64A 39 5208 2.21 100 10

• (ReplicAte) 39 5246 2.63 230 21

C—64 4 5209 2.37 560 38
( Replicate) 4 5244 2.77 500 48

C—64A 27 5210 2.40 240 21
C—64 6 5211 2.69 500 37
C—64 A 37 5212 2.27 50 6
C—64A 32 5213 2.58 500 37
C—64A 38 5214 2.77 160 15
C-64A 19 5215 2.70 60 5
C—64A 22 5216 2.64 170 16
C—64A 41 5217 2,55 80 6

C—64A 57 5218 2.6? 70 7
C—64 2 5219 2.44 130 11
C—64 14 5220 2.65 1090 95
C—64 7 5221 2.34 180 14
C—64A 17 5222 2.93 110 11
C-64 10 5223 2.33 270 21
C—64A 16 5224 2.65 340 30
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TABLE A—Il (cost)

Uranium Conesatratios
jppm - tu g)

RAYB 110. Bsrr.1 LAEI. $0. It Cu) Bs.ul( Vso.rtsinty

C-64A 21 7?.0~~25 9.81 100 8C-44A 64 5226 2.18 190 11
(1.plicat e ) 54 6249 2.19 100 10

C—64 9 5297 2.68 230 17
C—64A 46 5328 2.30 110 10
C-44A 1 5229 2.30 430 32
C—74L 69 6230 2.76 200 18
C—74L U 5331 2.47 80 7
C—64A 43 5233 2.64 40 4
C—64A 47 5333 2.48 70 6
C—64 5 5334 3.87 2030 176
C—04A 25 5236 2.58 220 17
C-.64A 53 5236 3.39 170 16
C-04A 49 5337 2 .35 80 7
C—64A 29 5238 2.55 220 20

Contro l — 5939 3.00 1 1
(R.plica te) 5245 2.46 0.6 2
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TABLE A-Ill

ANALYTICA l. RESULTS FOR EAFB SOIL SAMPLES COLLECTED
DURING THE PERIOD JUNE 14—17 , 1977

Uran ium Concentration
Sample (ppm — ~agJg)EAFU No. LASL No. Wt (g) Result i Uncertainty

0-0 77,06228 2.33 300 30
1—i 229 2.06 8.7 1.2
1— 3 230 2.12 25 3
1—5 231 2.31 42 4
I—5~Rep1icatv ) 232 2.28 39 4

1— 7 233 2.27 183 19
1—9 234 2.44 10 1.3
I — t I  235 1.94 162 16
1—13 236 2.21 44 5
1—1 5 237 2.14 13 ,9 1. 7
1—1 7 238 2.16 ‘-1 ,0
2— 0 239 2.20 46 5
2-2 240 2.42 75 8
2—4 241 2.18 21 2
2-6 242 1.96 9.4 1.3
2— 8 243 2.01 4.5 0.9
2—10 244 1.92 3 .2 0,8
2-12 245 2.50 2,2 0,9
2—1 4 246 2.41 8 1.4
3— 1 247 2.27 3.4 0.9
3—3 248 2.06 19 2
3—5 249 2.13 2.3 0.7
3—7 250 2.30 2.3 0.8
3—7 (Replicate) 283 2.48 1 .5 0.9

3—9 251 2.09 ‘- 1. 0
3—1! 252 2.19 3.2 0.8
3— 13 253 2.25 2 .6 0, 9
3— iS 254 2.11 10.6 1.4
3— 17 255 2,09 1 .7 0.8 - -

3— l7( Replt c a te )  284 2,07 1 .4 0.7
4—0 256 1.92 3.2 0. 7
4—0 (Replicate) 257 2,41 :1 .5 0,8

4—2 258 2.36 3.8 0,8
4— 4 259 2.31 ‘-1 .0
4—6 260 2.24 ‘- 1 .0
4—8 261 2.06 1 .1 0, 1
4— 10 282 2 .27 1.2 0. 7
4 — 12 263 2.38 2 .0 0. 7
.1—14 264 2.27 7 .7 1.1
5— ! 265 2.35 2.2 0.8
5—3 266 2.17 ‘-1.0
5—3(Re pl tca te ) 267 2, 19 1 .3 0. 7
5—5 265 2.09
5—7 269 2,20 ~1 .0 I I

5— 9 270 1.98 ‘- 1.0
5 — i l  271 2.11 1 .1 0.7
5— 15 272 2 ,16 6.4 1. 0
S— i? 273 2 ,23 1.0 0.7
8—0 274 2.28 1.7 0.8
6—2 275 2.26 3.4 0 .9
6—4 276 2.40 1 .7 0. 7
6—6 277 2.09 ‘1.0
8—8 278 2,13 ~1.0
6—10 279 2,22 ~1.0
6- .IO(Repl ic st e )  2M0 

‘I 
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DI STR I L IL~~ION LI ST

Accessions Div ( DDC-TC ) (2 ~ SAAMA/SFQ’F
Cameron Sta tion Kt’llv AFB , TX 7824 1
A l exandria , VA 22 314

Naval Surface Weapons Cen
AUL/ LSE 71-249 Dahigren Lab
Ua .’twi’Il AFU , AL 36112 D ahl g ren , VA 22448

ASIl/ENFEA AGSC/SDW
- 

- Wr ight-Patterson AFB Andrews AFB
OH .15433 Washington , DC 20334

IIQ USAF/SAMI HQ USAF/RDP
Boiling AFB , DC 20332 W ashIngton , DC 20330

0O-ALCfMMWMP (2) AFSC/DEV
Hill AFB , UT 84406 Andrews AFB

Wash ington , DC 20330
AFIS/ INTA
Washington , DC 20440 DDR&E (Env & Life Sciences )

Rm 3F.10l4
HQ TAC/DRA Pentagon
Langley AFB , VA 23685 Washington . DC 20301

TAC/INA Chemical Systems Lab
Lan gley AFU , VA 23665 DRDAR-CLJ-L (Tech Lib)

Aberdeen Prov Gd , MD 21010
ASD/ENESS/S. Johns
Wrt ght- Patterson AFB , OH 45433 Conmtander In Chief
NOTE: For Armament Pacific Research & Analysis O f f ice
Systems — Unclassified Only Box 13 , J77

FPO , SF 96610
US Army TRADOC Sys Analysis Activity
A t t n :  ATAA-SL (Tech Lib ) USAF (Env Health Lab)
White Sands Msl Range , NM 88002 Kelly AFB , TX 7824!

HQ USAFE/DOQ NWC Env Eng (Mr. Ouimette)
APO New York 09012 China Lake , CA 93555

BQ PACAF ,’DOOPQ AMP/ RD
Hickam AFH, HI 96853 Brooks AEB , TX 78235

ASP/ DRP AURL/THE (Dr . London)
Wright-Patterson AFB , OH 45433 Wright-Patterson AFB. OH 45433

COMIPCA/ I-232 ANRL/THT (Dr . Back)
Box 38 Wright -Patterson AFB , OH 45433
Camp M .H. Smith , HI 9686 1

ADTC/CSV
AFATL/DLOI)L Eglin APR , TI. 32542
Egl in AFB , FL 32542

ADTr/nLV
AFATL/DLODR F.gltn APR , Ft. 32542 (20)
Egl in AFR , FL 32542

ADTC/DEN (Mr. Br tt t)
DDR&F. ( Tech Lib) Eg l i n APR , FL 32542
Pent a gun
Wash ington , DC 20301 ADTC/SGPE (M*,j Hartman )

Egl in APR , FL 32542
USA FA/DFCRS
USAF Academy , CO 84406 Vet 1 (CEEDO/EC’(

Tyndall APR , FL :12401
Dugway Prov GD (Tech Lib)
Dugway , UT 84022

AFLC / P8150
H i l l  APR , lIT 84406
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